Objective: To study the associations of stromelysin-1 (MMP3) gene 5A/6A polymorphism with plasma high-sensitivity C-reactive protein (hs-CRP) level in coronary artery disease (CAD) and myocardial infarction (MI). Methods: The MMP3 5A/6A genotypes and plasma hs-CRP levels were determined in 405 non-CAD subjects and 395 angiography-documented CAD patients, 157 with MI and 238 with non-MI. Results: The percentage of the 5A/5A genotype was significantly (p < 0.001) greater in CAD than non-CAD subjects and in MI than non-MI patients. Plasma hs-CRP level of the 5A/5A genotype was significantly (p < 0.05) higher than that of the 6A/6A genotype in CAD and MI but not in non-MI patients. On logistic regression analysis, the odds ratio of the 5A/5A genotype for CAD was 2.11 (95% CI, 1.15 -3.88, p < 0.05) and for MI was 3.05 (95% CI, 1.54 -6.04, p < 0.005). Conclusions: This study showed a correlation of the 5A/5A genotype of MMP3 promoter with higher plasma hs-CRP level in CAD patients with MI.
Introduction
Rupture of atherosclerotic plaque plays a critical role in acute coronary syndrome (ACS) and myocardial infarction (MI) in patients with coronary artery disease (CAD) [1] . Stromelysin-1 (MMP3) may be involved in plaque rupture because it can cleave the extracellular matrix (ECM) proteins [2] . Ye et al. [3] identified a common polymorphism in the promoter of MMP3 gene, located 1171 bp upstream from the transcription, with one allele having a run of six adenosines (6A) and the other having five adenosines (5A). In vitro and ex vivo studies showed that the 5A allele and the 5A/5A genotype had greater MMP3 promoter activity, mRNA and protein than the 6A allele and the 6A/6A genotype [4] [5] . In the meta-analysis studies [6] - [8] , the 5A allele was associated with acute MI [6] [7] , and the effect of the 5A/6A genotypes on CAD risk was ethnicity-specific and more prominent for MI patients or East Asians [8] . Xu et al. [9] further reported that the 5A/5A genotype was associated with a risk for ACS in the Chinese.
Plasma high sensitivity C-reactive protein (hs-CRP) has been shown to be a predictor of future MI among clinically healthy peoples [10] . Elevated hs-CRP level was associated with an increased risk of further coronary events and rapid disease progression in CAD patients [11] . It was suggested that plasma hs-CRP level might be a marker of CAD activity and plaque vulnerability [12] . In our previous study [13] , plasma hs-CRP level was correlated to the extent and severity of CAD, and associated with the gene promoter 17A/21A polymorphisms of 5-lipoxygenase activating protein, a regulator in the genesis of leukotrienes.
In this study, the MMP3 5A/6A genotypes and plasma hs-CRP level were determined in a hospital-based population to investigate the associations of the 5A/6A genotypes with plasma hs-CRP levels in CAD and MI patients. The distribution of the 5A/6A genotypes was compared between CAD and non-CAD subjects, and between MI and non-MI patients. The odds ratios of the 5A/6A genotypes for CAD and MI were analyzed.
Methods
This study included 395 Chinese patients with CAD diagnosed by coronary angiography of at least 50% diameter stenosis in vessels and 405 healthy subjects without clinical evidences of either CAD or MI. They were recruited from the cardiology ward and health examination center of the Tri-Service General Hospital, Taipei, Taiwan. Based on the history taking, physical examination, laboratory data, electrocardiography and echocardiogram, 157 CAD patients were found to have previous MI and 238 cases showed no evidence of MI. They volunteered to join this study following a protocol approved by the National Defense Medical Center Human Subjects Committee.
Blood was drawn after an overnight fast, and plasma separated and stored at −70˚C. Glucose, total cholesterol, triglyceride, and hs-CRP were determined with commercially available kits as described previously [13] - [15] . Genomic DNA was extracted from buffy coat using an IsoQuick Nucleic Acid Extraction Kit (MicroProbe, Bothell, WA). The 5A/6A polymorphism of the MMP3 gene was determined by a polymerase chain reaction and restriction fragment length polymorphism analysis with Tth111I enzyme digestion [16] . The method was validated by genotype confirmation through direct sequencing.
Data in all groups are reported as means ± SD. The difference between two groups was examined by Student's t test. One-way analysis of variance was used to evaluate the difference among three genotypic groups. The difference of genotype distribution and allele frequency between two groups was examined by Chi-square test. Multivariate logistic regression was employed to calculate the odds ratio of the 5A/6A genotypes for CAD and MI, controlling the potential confounding factors. The statistic significance of difference was assumed to be present at p value < 0.05.
Results
The characteristics of 405 non-CAD subjects and 395 CAD patients with MI or non-MI are shown in Table 1 . CAD patients had significantly higher age, percentage of men, body mass index, prevalence of hypertension, diabetes, hyperlipidemia and smoking, and fasting plasma levels of glucose, total cholesterol, and triglyceride than non-CAD subjects. The percentage of smoking was significantly greater in MI than non-MI patients. CAD patients, with MI or non-MI, had significantly higher plasma hs-CRP levels than non-CAD subjects.
The distributions of the 5A/6A genotypes and allele frequencies of MMP3 promoter in non-CAD subjects and CAD patients, with MI and non-MI, are reported in Table 2 . The 5A/6A genotype and allele frequencies in the control non-CAD group agree with those predicted by Hardy-Weinberg equilibrium. The 5A/5A genotype percentage of MMP3 was significantly greater in CAD patients than non-CAD subjects (13.2% vs. 8.4%, p < 0.001), but the 5A allele frequency was not (0.239 vs. 0.274). MI patients had significantly higher percentage of the 5A/5A genotype (19.7% vs. 8.8%, p < 0.001) than non-MI, and the 5A allele frequency was significantly greater in MI than non-MI (0.322 vs. 0.185, p < 0.001). The odds ratio of the 5A/5A genotype was significant higher for CAD (2.11, 95% CI = 1.15 -3.88, p < 0.05) and for MI (3.05, 95% CI = 1.54 -6.04, p < 0.005) but not for non-MI (1.48, CI = 0.72 -3.04, p > 0.05) on multivariate logistic regression analysis controlling potential confounding factors. Table 3 presents the plasma hs-CRP data of 405 non-CAD subjects and 395 CAD patients with non-MI or MI grouped by the MMP3 5A/6A genotypes. Plasma hs-CRP level of the 5A/5A genotype was significantly higher than that of the 6A/6A genotype in CAD (3.33 ± 7.52 vs. 1.53 ± 3.04 mg/l, p < 0.05) and in MI (4.73 ± 9.40 vs. 2.20 ± 3.17 mg/l, p < 0.05) patients. However, there was no significant difference on plasma hs-CRP levels among three genotypic groups in non-CAD subjects and in non-MI patients.
Discussion
This study, consistent with the previous reports [6] - [9] [17] [18] , found that the 5A/5A genotype had an increased risk for CAD, especially for MI, supporting the concept that CAD patients having this genotype with greater MMP3 promoter activity could predispose to higher incidence of MI. More importantly, the elevated plasma hs-CRP level in the 5A/5A genotype was significant in CAD patients with MI but not in non-MI, suggesting CAD patients with this genotype might have greater vascular inflammation susceptible to the occurrence of MI. The increased proteolytic activity of the 5A/5A genotype with higher MMP3 level could favor the ECM proteins degradation with rupture of plaque cap, and thus lead to elevated plasma hs-CRP level in CAD patients. The association of the 5A/5A genotype with elevated plasma hs-CRP level in MI patients might suggest a possible linkage between higher MMP3 promoter activity and greater vascular inflammation in the process of atherosclerotic plaque rupture.
Conclusion
In conclusion, this study showed that the 5A/5A genotype of MMP3 promoter was associated with higher plasma hs-CRP level and greater risk for MI in CAD patients. The results might suggest the 5A/5A genotype of MMP3 with greater vascular inflammation could be a genetic risk factor for MI in the Chinese population at Taiwan.
